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© Coextruded AES-thermoplastic. 

Q) Laminate comprising AESofthe dicyctopentadiene type 
^extruded onto a thermoplastic resin layer such as ABS. 
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Coextruded AES-Thermoplastic 

This invention relates to a coextruded AES thcrrnopiastic. r, 
m0 re particularly to a coextruded product in which a layer 01 ,.L, 
5 is coextruded onto a layer of another thermoplastic rcs.n, ip<- 
AES comprising a graft copolymer of resin forming monomcnc 
material on a rubbery EPDM spine, in which the EPuM is ... 
dicyclopentadiene as the copolymerizable non-conjugated d.ene . 

AES compositions based. on EPDM in which the non-conjugatca 
10 diene termonomer is dicyclopentadiene (DCPD) ara thermoplastics 
possessing high impact strength and excellent weatherability. They 
can be molded into a variety of useful shapes, and arucles so 
m olded retain much of their strength after outdoor exposure, 
• Unfortunately, such AES compositions have poor processabihty .n 
the area of extruded sheet. The sheet tends to have an objection- 
able rippled surface, sometimes referred to as "nerve." Even when 
processing conditions are adjusted so that the nerve is not readily 
apparent in the extruded sheet, such as by smoothing the shee. 
with embossing rolls in the sheet extrusion line, the rippled sunace 
20 will usually reappear during thermoforming of the sheet into a 
finished article due to annealing effects. This excessive nerve ,s 
attributed to the elastic component of the viscoelastic melt ano to 
polymer memory . 

Attempts to improve the extrudability of AES compositions nave 
, 5 led to the development of materials based on EPDK in which ethyl- 
idene norbornene (ENB) is employed as the non-conjugateo c.ene 
termonomer in the EPDM. Such AES compositions produce a more 
neariy nerve-free sheet than AES based on DCPD-typc EP,.„ 
Unfortunately. AES based on ENB-type EPDM does not gather as 
30 well as AES based on DCPD-type EPDM. 

In accordance with the present invention, by coextnia.ng i 
relatively thin layer of AES based on DCPD-type EPDM oni-: a 
thermoplastic such as ABS (acrylonitrile-butadiene-stvrene) one can 
overcome the prior difficulty of a rippled surface on the sheet ano 
thermoformed part while providing the advantages of supenor 
weatherability attributed to DCPD-type AES. 
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Coextrucion of AES based on DCPD-type LPDM onio a then.n- 
olastic such as ABS may be carried out on a conventional coextru- 

Le using, for example, feedblock or multi-manif. - 
tems . ln the multi-manifold die system the separ^ m - s ; . • 
ar. joined in a die having suitable passages and j0 .n each 
he d Pnor to exit from the die. In the feedblock system .n, 
separate melt streams are Joined in the feedb loc anc d.a n~ - 
conventional single manifold die where tn layers a ... - - 
spread to a sheet. These techniques are descnbeo ,n 0 n* 
3 22. 761, Raley, Dec. 14, 1965, 3,479,425, Lefevre et a,. sov. U, 
1969, and 3,557,265, Chisholm, et al , Jan. i9. ,971 

The DCPD AES is applied to one or both s,des o, an A.S - or 
o^ —Uc sheet, usual.y depending ^ ^er o h , 
of the finished article will be exposed to sunngn, and .h s n neec 

the^ayer or layers are most effective when they 
con^^^^^^\ ym (usually 3 to 150 

0 : t tultrl will depend upon the nature and leve 1 o< = 

used the severity of sunlight exposure, and on the expe t . 

Si. of the finished product. Ordinarily the AES co«s ; 

parts by weight of pigment per 100 parts by weight „f AES 
10 parts uy y mjl of greater 

j5 copolymer composition. In many cases a 

n 100 mils) AES layer containing at least l pans p 
(e.g., 100 mils; ml adequately 
of titanium dioxide or more (e.g. 5 or lu pa , 
protect the ABS or other thermoplastic beneath. 

When determining the thickness of the A.o la.... 

,* chPPt the effect of drawdown, or thinning 
™ he used in the extruded sheet, the eneci 

30 De ubcu fin shed oarl, miir. 

of the AES layer duirng thermoforming of the .misn. . 

be taken into account. 

Thicknesses of about 10 mils or less to ,0 mi.s or no o. 

. d on DCPD may be coextruded onto one or both s,des of on 
. b A a B or other ubstrate with a total sheet thickness of about 25 to 
33 £ or 500 mils or more. A particularly preferred construct , , 
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20 to 40 mil layer of AES based on DCPD-type AES and containing -• 
parts of titanium dioxide coextruded onto one or both sides of 300 
to 200 mils of ABS or the like. 

The AES graft copolymer composition employed in the invention 
is described in U.S. patent 4,202,948, Peascoe, May 13, 1980 and if 
ordinarily based on a graft copolymer of resin-forming monomcric 
material (especially such monomers as vinyl aromatics, alko—c 
nitrites, esters, or acids, or mixtures thereof, e.g., a mixture oi 
styrene and acrylonitrile) on a particular olefin copolymer rubber 
spine, namely an unsaturated terpolymer (EPDM) containing di- 
cyclopentadiene as the non-conjugated diene, as in rubbery ter- 
polymers of ethylene, propylene, and dicylopentadiene. In the 
preparation of such a graft copolymer, much of the resin-forming 
monomers become chemically grafted to the rubbery spine, but a 
certain amount of ungrafted resin is also formed (i.e., grafting 
efficiency is not 100%). In a preferred practice, additional sep- 
arately prepared resin is blended with the product of the graft 
polymerization step. Typically, separately prepared styrene- 
acrylonitrile resin (SAN) is blended with the product of graft 
polymerization of styrene and acrylonitrile on dicyclopentadiene-type 
EPDM. However, it is also possible to make all of the resinous 
portion in situ during the graft polymerization. In either case the 
entire final SAN-EPDM product may be referred to as AES. 

The AES employed in the invention is preferably prepared by 
blending two separate components, namely: 

(A) a graft copolymer of styrene and acrylonitrile on 
EPDM rubber, particularly ethylene-propylene-dicydopenta- 
diene terpolymer rubber; and 

(B) separately prepared styrene-acrylonitrile resin. 
Examples of the graft copolymer component (A) and the sep- 
arately prepared resin component (B) are described in more detail 
in U.S. Patent 4,202,948, Peascoe, May 13, 1980. The preferred 
qraft copolymer (A) is prepared by graft copolymerizing (a) sty- 
rene and acrylonitrile in weight ratio of 80/20 to 65/35 on (b) a 
rubbery terpolymer of ethylene, propylene and dicyclopentadiene in 
which the weight ratio of ethylene to propylene is within the r.ingc 
of from 80/20 to 20/80. The Mooney viscosity of the terpolymer 
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rubber (b) i. preferab.y from 30 ,o 90 ML-, a, 257T and I t„e *..n 

umter of the rubber (b) preferab,y „ from ,0 to SO. 
7(a) acrylon.trile/styrcne ,s about 501 based or, the we.ght * 

5 P ' US The preferred separately prepared resin (B> is a copolymer cf 
serene and acrylonitrile in weigh, ratio of 80/20 to h,™-; - 

intrinsic viscosity in dimethylformamide at 3 ,C o, a, - ^ 

The amount o, resin (B) in the AES » suff.c en o ,r ; ^ - 
over-all ratio of resin to rubber in the range c. ..or —0 

10 65 ' 35 ,„ a perticuiarly valuable for. the invent.on. an antioxiciar.t 
present during the graft copolymerization stage. 

Component A (the graft copolymer) and component , (th 
A „«in1 are sheared or masticated togethe, A 
separately prepared resin), are 
15 elevated (fluxing) temperature, for example ,n « «n sere. „p 

p'o-on of the co-extrudate of the invention is based 

r — ^ - - - r - - - 

araft copolymer to make the final ABS composition if desired 

9 ,„ place of ABS, other thermoplastic resins may be used as 

the ublte such as PVC (polyvinyl chloride). SAN (stryene- 

the suDSiraie, => inriudina thcrmoclasti;. 

acrylonitrile), acrylic resins, or the like 

blends such as a blend of styrene-acrylomtnle-male. a.... ; d..a 

30 C opo lym er with ^^2^ the practice o 

The following example will serve 

the invention in more detail. 

Example 

A graft copolymer may be prepared as described fr. V.S 
35 patent 4.202,948 (Example 2) referred to above. 
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A 10-gallon autoclave equipped with a thermometer and a .r,:.;.-:.- 
stirrer is charged with 413 parts by weight of. water. 0.27 parti by 
weight of Methocel K-100 (trademark; hydroxypropy! methy!ce!!u!cs- 
produced by Dow Chemical Company) 100 parts by weight of siny- 
5 lene-propylene-dicyclopentadiene copolymer of 52/48 ethylene/orcpv- 
lene ratio, 10 iodine number and Mooney viscosity 60 ML-4 at 257V. 
which has been ground to a Tyler mesh particle size 3, end a mix- 
ture of 75 parts by weight of styrene. 40 parts by weight of 
acrylonitrile, 3 parts by weight of Lupersol-11 (trademark: T>\ 
10 t-butylperoxy pivalate in mineral spirits) as a polymerization jn.u- 
ator, and 1.0 part of antioxidant, e.g., octadecyl-3,5-di-ier'- 
butyl-4-hydroxyhydrocinnamate . 

The reaction mixture is heated to 80V. for l\ hours and then 
to 240V. and kept at this temperature for another 3' 5 hours at 
which time the reaction mixture is cooled to room temperature and 
the graft copolymer recovered by filtering and drying overnight in 
an oven at 66°C. The resulting AES graft copolymer is designated 
Graft 1 in Table I, below. 

For comparison, two other graft copolymers are similarly pre- 
pared, using EPDM's based on ethylidene norbornene (ENB) as the 
diene. There are designated Graft II and Graft III in Table I. 
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Table 1 






Graft 


EPDM Type 


E/P Ratio 


ML-4 


7 J' 

i-2- 


I 


DCPD 


52/48 


60 


10 


II 


ENB 


58/42 


45 


20 


III 


ENB 


60/40 


68 


20 



To make AES blends for weatherability testing, 46 parts of 
grafts I. II and III and 54 parts of SAN resin (Tyril 830B, trad- 
emark, Dow Chemical Co.) together with 0.75 part each of Tiiv.:-- .- 
P and Tinuvin 770 (UV stabilizers from Ciba-Geigy) were fluxed for 
10 minutes at 90 RPM in a Rheocord (trademark) Type M Torqu- 
Rheometer made by Haake. Inc. and equipped with cam rotors, iv 
evaluate weatherability, samples were cut from 70 mil co.r.prcssk : 
moldings and exposed in Miami. Florida., at a 45° angle ia-:,.-., 
5 south. Chip impact was measured on the unexposed sample- r : nd o: 
:: ,.mpl.T. rxpor.rd for periods of 2, 4, f>. 9. 12. 1« ™d 24 monih-:. 
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h *. chip impact «... Vinch wide by J ™ 

after Florida exposure are given in Table 2. 

nrpn EPDM has much better impact r..t .... •• 
based on DCPD lkdm. 

- than Pither AES b end based on ENB - 

Florida exposure than eitner »w 



III). 



Table 2 

^^r^t After Florida_Exeosurc 



Month^JLD^liil 



6 J_ 12 _!§_ _£±_ 

15 Graft Unued ^ - — ^ ^ m l66 

1 238 23 i« 111 1° 6 

„, 222 200 222 230 185 

s0 as not to disturb smooth lam^ar flow » ^ th ^ 
In the example given below, the DCPD AES a y ^ 
extruded onto Monsanto 752 (trademark an extn. ^ 
ABS which has a similar melt viscosity. I. ^ 
» has a substantially higher or lower ; ^ 

«i» hv varying the viscosity of the separai- . . 
(for example, by v^ry, g ^ ^ ^ ^ 

S T T'^rt to be chos» so that *. meH viscosit.es « 
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matched. n<~PD A'lS 

The following example illustrates ho* the D PD 

■k ^ ™« bP coextrudcd onto Monsanto 752 «BS to 
described may be coexirua ih ,. r . ( 

sheet laminate of 25 mils AES over 100 mils ABS 
r.»rt*rv will ho nrcrpwhlY smooth. 
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A coextrusion line consisting of a 2-1/2 inch main ex- :.z< 
and 1-1/2 inch satellite extruder feeding through a cce;:;r::. . 
feedblock to a 14-inch flex-lip sheet die and conventional thrrv- j 
takeoff stack is operated under the conditions given belc-;. 
(Monsanto 752) is fed into the main extruder and AES is fed in:o 
the satellite extruder. The conditions are as follows: 

Main Extruder 

Zone 1 (feed) 380°F. 



400 
415 
420 
420 



10 3 
4 
5 

Screw RPM 40 
Satellite Extruder 
15 Zone 1 (feed) 375°F. 



2 
3 
4 

Screw RPM 30 



390 
410 
430 



20 Feedblock Temperature 430°F. 

Die Temperature 420°F. 

Die Lip Setting 0.125-inch 

Takeoff Line 

Top nip g-}25-inch 

25 Bottom nip Snoop" 

Top roll temp. 200 F. 

Middle roll temp. 230 F. 

Bottom roll temp. 200 F . 
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CLAIMS: 
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! a coextruded product characterised in that ».r... 
at least one surface layer of AES graft copolymer 
composition, the said AES comprising a graft copolyme- ... 
resin-forming material on EPDM rubber in wmcn cne 

is d TT;::dr;ccordin g to > -a^,, ln 

that it'has an underlying layer of "plastic resxn 

3 A product according to claim 2 cna.-o 

that the underlying layer is ABS composition. 

4 A coextruded product according to any o- 
clai^s 1 to 3 characterised in that the resin-f ormxng 
^rial in the AES graft copolymer is 

5 A coextruded product characterised m tha_ it 
oa one or.hoth sides a surface layer 3 to 150 nils thick 
Uprising AES graft copolymer composition containing _o 
10 parts by weight of pigment per 100 parts by weigh, o- 

graft copolymer composition, the said AES comprising a 
" ft poller Z resin-fo^ing material on EPDM rubber in 
! r hich Je diene is dicyclopentadiene ^ t ^- £ ^ 
layer of ABS thermoplastic resin, the .otal thicK. 
product being 25 to 500 mils. 

6 A product according to claim 5 characters ^ 
that the EPDM rubber- in the said AES composition has an 
ethylene;propylene weight ratio of from SO /zO to 20 /BO. 

a nooney viscosity of from 30 to 90 «L-4 at 2,7 anc 
iodine number of from 10 to 50. . r - 

7 a product according to claim 6 cnaractc.s^- ... 
that the resin forming material in the AES graft ccooly^ 
iS styrene-acrylonitrile in weight ratio of SO/20 to 

and the ratio of resin to rubber is in the rang, o: -c, 
90/10 to 65/35. 
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